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Fig. I. Overview of 
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The Zambezi river basin, one of the largest in Africa, holds significant hydropower potential, which has yet tobe exploited. To make the 
most of this opportunity and address the challenges it poses, local Stakeholders must coordinate efforts, politically, institutionally, and 
technically. While recent progress on these fronts has been remarkable, legitimate concerns regarding data ownership, maintenance, and 
analysisstill need to be addressed. This paper presents the African Dams Project's (ADAPT) water resources database, which relies on open 
source technology and is based on three key ideas: the total empowerment of stakeholders; the association of valuable analysis tools and 
data; and, an adaptable and simple architecture. 
The Zambezi river basin in Southern Africa extends across eight countries and covers 1.4 x 106 km2• lt is home to approximately 30 million 
people, harbours a number of wildlife sites including 
areas of unique ecological and cultural value, some 
classified as UNESCO World Heritage and Ramsar 
Convention sites, and has an estimated potential 
hydropower capacity of 12 000 MW, of which only 
about 5000 MW is currently developed [The World 
Bank, 2010i].An overview ofthe basin is presented in 
Fig. I. lt includes the basin's main features and the 
location of three discharge-gauging stations, the data 
from which are referred to later in this paper. 
1. Current development 
The Zambezi basin is one of the most valuable natural 
resources in Africa. Although it has significant unex-
ploited hydropower potential, it is already one of the 
continent's most heavily dammed river systems, with 
major hydropower schemes such as Kariba ( 1830 
MW), Cahora Bassa (2075 MW), and the Kafue 
hydropower system (900 MW at the Kafue Gorge 
dam). At present, a number of new projects are at var-
ious stages of development: the Mphanda Nkuwa run-
of-river scheme (1500 MW) downstream of Cahora 
Bassa [COBA et al., 2011 2]; the Batoka Gorge dam 
( 1600 MW) downstream of Victoria Falls; the Kafue 
Gorge lower dam (750 MW); and, the Cahora Bassa 
/ 
North Bank Extension (1250 MW) [Nippon Koei UK, 
20 123]. As weil as offering a source of hydropower, the 
Zambezi basin's river network acts as a source of sus-
tenance and wealth to the region, through activities 
such as fishing, farrning and tourism. Local communi-
ties are not only economically, but also culturally, 
linked to the main rivers and wetlands. 
There are numerous opportunities to be seized with-
in the Zambezi basin, and better management and 
cooperative development of the basin 's water 
resources could significantly increase agricultural 
yields, hydropower outputs, and economic gains [The 
World Bank, 20101; SWRSD Zambezi Basin Joint 
Venture, 2011 4]. 
The future, however, also holds challenges. These 
include: climate change (with some estimates for the 
Zambezi predicting extreme variations) [Arnell, 
19995; IPCC, 2001 6; Beilfuss, 20127]; growing 
demands on water resources, which will increase the 
pressure on ecologically valuable areas; and, the defi-
nition and maintenance of ecological flows, which are 
essential to achieve sensible compromises between the 
economy and the environment. It is only through a 
proper evaluation of the basin's current state and 
future seenarios that an adequate balance between 
hydropower, water abstractions, and the preservation 
of natural ecosystems can be achieved. 
t \ I 
At operationallevel,joint reservoir management, the 
scheduling of environmental flows, flood forecasting 
and flow control depend on sound hydrologic models, 
hydrological data and expertise. Even more so than 
planning efforts, such operational activities call for 
reliable and weil established technical and institution-
al frameworks. N Democratic Republic of Congo i 
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1.1 The African Dams Project 
Focusing on the Zambezi basin, the African Dams 
Project [ADAPT8] has been a fruitful interdisciplinary 
endeavour to enhance the scientific basis of integrated 
water resources management. From 2007 to 2013 it 
benefited from the collaboration of African and 
European partners in fields as diverse as ecology, 
economy, hydrology, and biogeochemistry [Mertens, 
20139; Mertens et al., 2013 10]. 
Operations were carried out on two Ievels: 
• clearly defined research activities, which generated 
knowledge through data collection, concepts, and 
numerical models; and, 
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• a science-policy interface, which involved capacity 
building efforts (student exchanges and training activ-
ities), and interdisciplinary integration of research 
results, interacting with Stakeholders and policy mak-
ers in the basin. 
Follow-up activities to the main phase of ADAPT 
entail further contributions to the Zambezi 's water 
resources community. One such activity is the estab-
lishment of an open-source online platform 
[EPFLI 1], which addresses two of the main obstacles 
faced by researchers and practitioners working in the 
region: the difficult access to water resources data 
and the need for customized tools to analyse it. With 
an aim to collect and divulge data, analysis tools, 
and knowledge about the basin, the platform con-
tains a wealth of downloadable content, such as 
hydrological time series and a variety of documents 
ranging from reports to spreadsheets. It also includes 
an interface to calibrated Soil and Water Assessment 
Tool (SWAT) models [Arnold et al., 2012 12] of the 
Zambezi basin and sections dedicated to the presen-
tation of third party's works. There is also potential 
to develop a functional discharge monitaring and 
forecasting system. 
1.2 Motivation 
The aim of the paper is to describe how the ADAPT 
water resources database can contribute to a more 
resourceful and efficient local water resources com-
munity, as weil as ultimately contribute towards more 
informed and sustainable regional water resources 
~k~. . 
Being designed to address the concerns of a vanety 
of Iocal stakeholders (concerns about data ownership, 
maintenance, and analysis) this open-source tool has 
the potentialtobe implemented beyond the Zambezi, 
particularly so where a Iack of hydrological data and a 
difficult integration of multiple Stakeholders' interac-
tions might hinder effective water resources manage-
ment. 
2. Aggregating water resources data and 
information 
2.1 The need for a water resources database and 
past developments 
The optimal allocation and management of the 
Zambezi basin's water resources poses a nurober of 
challenges to decision makers, planners, managers, 
modellers, and researchers. Among these are the size 
and heterogeneity of the basin, the complexity of the 
Iocal hydraulic and hydrological phenomena, and the 
difficulty in accessing existing data. In fact, with a 
plethora of institutions and agencies responsible for 
collecting measurements on the ground, the search for 
data is often a source of major concern to scientists 
and engineers, unfortunately not always with positive 
or satisfying results. 
First, it is challenging to get an overview of all the 
existing data and the institutions responsible for it. 
Such information alone would already Iead to more 
informed strategic decisions, management, and Opera-
tions throughout the basin. Going further, a standard-
ized and streamlined procedure for data retrieval from 
the relevant institutions is needed. Finally, a centralized 
water resources database, where data can be archived 
and remain easily accessible, would be optimal. 
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Aware of the large gains that stand to be made from 
data sharing and improved technical, institutional and 
political interactions [The World Bank, 2010 1, 
SWRSD Zambezi Basin Joint Venture, 20 11 4], water 
institutions acting across states such as the Zambezi 
Watercourse Commission (ZAMCOM) are promoting 
this. Despite considerable efforts, flagship projects 
such as the centralized Zambezi Water Information 
System (ZAMWIS) have yet to benefit a wide com-
munity of stakeholders. 
In the past, ZAMWIS feil short of its objectives 
because of technical, financial, and political issues. In 
fact, the availability of data alone provides little moti-
vation to overcome the burden of continuously updat-
ing and maintaining a centralized water resources 
database. For such a database to be worthwhile, the 
tools and know-how needed to analyse and put the 
data to good use must be present as weil. Both have 
been greatly developed in recent times and, presently, 
ZAMCOM is undertaking a very promising effort to 
renew and operationalize ZAMWIS. Because of the 
Iarge number of states and institutions acting as data 
providers in the Zambezi basin, it will be a major chal-
lenge to guarantee that the database is kept up to date. 
Ensuring a mandate to redistribute it will also be a 
complex process. 
2.2 The ADAPT water resou{ces database 
As with most water resources endeavors carried out 
over the ZRB, ADAPT faced the difficulties raised by 
the Iack of a centralized and regularly updated data-
base. Although the project has taken advantage of its 
scale, as weil as close cooperation with local institu-
tions, which have been supportive, the data gathering 
process was still slow and complex. 
The ADAPT database [EPFL 11 ] startedas an effort to 
organize and distribute data and information within the 
project. Later, it was extended as a vehicle to share the 
project's results and documentation. 
At present, ADAPT's water resources database 
serves a broader purpose; it is a flexible open-source 
tool for the storage, organization and dissemination of 
time series data documentation. Along with this, it pro-
vides a platform for data analysis tools. 
Three views of the time series module are presented 
in Fig. 2. Through the online interface, users can 
inspect processed daily satellite rainfall data from mul-
tiple sources and access historical series of river dis-
charge, water Ievel, rainfall, as weil as other variables. 
These can be inspected in detail and, eventually, 
down loaded. 
Fig. 2. Vzew ofthe 
time series data 
se/ection too/. 
Leji: daily satellite 
rainfall estimates; 
right: diseilarge 
gauge /ocations; 
below: time series 
interactive view. 
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Fig. 3. Scheme of 
theADAPT 
databases 
interactions. 
Fig. 4. The 
interactive online 
illle1jace to the 
ca/ibrated daily 
SWAT models ofthe 
Zambezi river basin. 
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During the development of the ADAPT water 
resources database, efforts such as ZAMWIS and solu-
tions individually implemented by Stakeholders were 
kept in mind. In response to these, a Iightweight imple-
mentation and open-source solution was combined 
with a distributed architecture, in which each data 
provider retains complete control over its own data. lt 
aims to be a solution that is: 
• user friendly; 
• cheap (based on open source software); 
• easy to maintain; 
• adaptable; 
• safe (protecting data from lass and unintended 
usage); and, 
• Iightweight (requiring Iimited hardware resources). 
The database is being developed in collaboration 
with Iocal institutions to expand its capabilities in 
terms of the types of data it can hast and the associat-
ed analysis tools. 
Beyond technical concems, it is thought that the 
main objections of data providers and other Stake-
holders to such a centralized database unfold mainly 
at the institutional and political Ievels. As in many 
other !arge international river basins, Stakeholders 
share many objectives. Same of their common areas 
of interest are, however, not necessarily aligned, and 
sometimes even conflicting (for example, hydropow-
er production and irrigation of farmlands upstream). lt 
is therefore expected that Stakeholders would adopt a 
cautious attitude regarding access to their data. In 
some cases, the revenue from data sales is important 
to the data provider. When this is the case, controlled 
access to the data understandably becomes para-
mount. Aiming to reduce political and institutional 
issues, the ADAPT database does not require a man-
date or permission from the data owners for data 
redistribution. Instead, each data owner keeps com-
plete control over its own data, managing access 
authorizations directly. 
As data ownership is regarded as a major issue, the 
ADAPT water resources database adopts a distributed 
ownership policy. As such, all the contents of the data-
base are encrypted and associated with a specific data 
owner. The only way to access specific contents is for 
users to obtain explicit authorization from the data 
owner. The proposed data request process can be syn-
thesized in the following steps: 
• The user is registered and signs a general terms of 
use policy. 
• The user can access a Iist of the available data (and 
data owners). 
• Choosing particular data, the user proceeds to 
request the relevant data owner directly for access (the 
form of the request is tailored to the needs of each data 
owner, and involves specific conditions and terms of 
use policies). 
• Someone appointed by the data owner receives an 
e-mail with all the relevant information and uses a 
simple menu to choose if (and for how lang) the user 
may have access to the requested data. 
• The user receives e-mail feedback and, in the case of 
a positive reply, can proceed to download the data and 
decrypt it. 
The concept underlying the database's interactions is 
further illustrated in Fig. 3. 
Underpinning the database's design is the desire to 
achieve a solution tailored for the Zambezi river basin. 
On the technical side, the platform must be adaptable, 
sparing in its use of resources, and perform weil. On 
the political/institutional side, it must strive to over-
come blocks by not requiring any concessions from 
the data owners. 
Focusing on data management, the gains from the 
adoption of such a database are quite self-evident. 
Benefits include: 
• easier assessment of the existing knowledge base; 
• direct evaluation of real data gaps; 
• effortless data sharing between stakeholders; 
• more efficient data processing (fewer resources used 
as a result of easier and faster data access and standard 
data formats); and, 
• added interest from research groups (the difficult 
access to water resources data within the basin is an 
obstacle in the way of sound scientific cöntributions). 
A static hydrological database (one which is not con-
sistently updated) has the capability to improve the 
quality and facilitate the validation of the hydrological 
models needed to support water resources planning. 
Consequently, it is of value to decision makers. If 
endorsed by key data providers and updated regularly, 
the database could provide additional benefits, partic-
ularly regarding operational tasks. 
Activities such as the assessment of the effects of cli-
mate change, the study and planning of new 
hydropower schemes, the quantification of environ-
mental flow requirements, and the evaluation of 
impacts associated with new water abstractions can 
benefit from such a database. 
In addition, state-of-the-art operational flow fore-
casting models for the whole basin, integrating opera-
tions from an increasing number of major impound-
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ments, can only be achieved on the basis of a solid 
data-sharing infrastructureo Once implemented, they 
have the potential to make hydropower production 
more efficient and will be likely to contribute to better 
management of natural floodso 
3. Customized modelling tools for water 
resources management 
Data collection and dissemination is widely recog-
nized as benefiting water resources management activ-
ities [Hannah et alo, 2011 13]0 According to the World 
Meteorological Organization [WMO, 2008 14]: 
"A data set is clearly of great value as it is inevitably 
collected through a huge commitment of time and 
moneyo The management of these data is therefore 
important work in itself and this work must be per-
formed effectively in order to maximize the results of 
this investment. (o 0 o) A poor-quality archive, due to 
Iack of forethought in its foundation or poor manage-
ment, can Iead to years of excess data collection or 
modelling work, and subsequent poor decision-mak-
ingo (o 0 o) Moreover, poor-quality data and databases 
will result in suboptimal planning decisions and poor-
ly designed engineering structures"o 
The maintenance and continued updating of a water 
resources database requires resources from data 
providerso However high the indirect value of the 
data may be, for some data providers day-to-day con-
cems are not necessarily bound to data retrieval or 
disseminationo In these cases, the data provider's sup-
port to the database is more easily justified if, in addi-
tion to indirect benefits, there are direct gains associ-
ated with its useo 
The activities carried out within ADAPT led to the 
development of powerful analysis toolso These have 
been customized for the particular conditions found in 
the Zambezi basin and included the development and 
calibration of detailed daily hydrological models of the 
whole catchment using the Soil and Water Assessment 
Tool (SWAT) software [Amold et alo, 2012 13; Cohen 
Liechti, 2013 15 ; Cohen Liechti et alo, 2014 16; Matos, 
201417]0 Models such as SWAT can provide a sound 
foundation for a broad range of water resources stud-
ieso Calibration and validation, presenting a difficult 
challenge given the size and Iack of data in some parts 
of the basin, were only possible by resorting to the 
potential of the ADAPT databaseo 
To make the SWAT models readily available to Stake-
holders, a customized online interface has been pre-
pared (see Figo 4)0 It allows users to change parame-
ters, run simulations over a long period, compare 
results, and easily assess the impact of management of 
climatic changes within the basino 
While the SWAT models are useful for planning pur-
poses, without data assimilation schemes their opera-
tional usefulness is limitedo This step would be important 
to make the best possible use of new observations being 
made throughout the basin and, consequently, enhance 
resultso Unfortunately, achieving such an integration is a 
time-consuming and technically challenging processo 
To address the needs of local dam operators and pres-
ent an immediate benefit to users, a new probabilistic 
flow forecasting technique is also being incorporated 
in ADAPT's databaseo It is highly adaptable and does 
not seek to replace, but rather ameliorate, the forecast-
ing methods already in useo In Figo 5, examples of 
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forecasts upstream of the three major dams on the 
Zambezi river basin are shown: Kafue Hook Bridge, 
upstream of Itezhi-Tezhi and (a) 30-day Iead time; 
Victoria Fallsand (b) 30 day Iead time; and, Great East 
Road bridge, upstream of Cahora Bassa and (c) and 
(d), variable Iead timeso 
4. Conclusion 
One of the great river basins of the world, the Zambezi 
river basin, stands out because of its vast unexploited 
hydropower potential and the valuable wetland areas 
that can be found along its river networko In the future, 
challenges brought about by growing populations, 
developing economies, and climate changewill put to 
the test water resources management experts and the 
coordination between eight riparian countrieso By 
necessity, equitable water resource allocation deci-
sions will be based on hydrological models and other 
analysis toolso As in many other river basins, water 
resources data will play a pivotal role in the calibration 
and validation of such modelso 
For years the materialization of an operational cen-
tralized water resources database for the basin has 
remained elusiveo The Zambezi Water Information 
System (ZAMWIS), a decade-old top-down approach 
to assemble a basin-wide water resources database, is 
at present under a phase of renewed interest and 
active development, holding great promiseo 
The African Dams Project (ADAPT) online water 
resources database, the subject of this paper, provides 
a bottom-up complement to ZAMWISO Relying on 
open-source technology and frugal with the use of 
resources, it is based on three key ideas: the total 
empowerment of Stakeholders (as they keep control 
over the data at all times); the association of valuable 
analysis tools to the data (providing motivation for its 
maintenance and continued update); and, an adaptable 
and simple architecture (allowing customization to 
particular Stakeholders' needs) 0 
Figo 50 Illustration 
of probabi/istic jlow 
forecasting models 
being developed. 
(a.l) Kafue Hook 
Bridge 30-days Iead 
time forecast. (a.2) 
forecast probability 
distribution 
adjustment. (b.l) 
Victoria Falls 30-
days Iead time 
f orecast. (b.2) 
f orecast probability 
distribution 
adjustment. (c) I to 
365-days Iead time 
forecast jimn 
1/8/1988 omvards at 
Great East Road 
Bridge. (d) I to 365-
days Iead time 
forecast jimn 
112/ 1988 onwards at 
Great East Road 
Bridge. 
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Currently under active development, the ADAPT data-
base has caught the attention of local stakeholders, most 
notably dam operators, NGOs, and consultants. While it 
has been tailored for the Zambezi river basin, the adapt-
ability of its structure and associated tools allow for its 
easy application to other river basins as weil. 0 
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